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SUMMARY 

Nickel -hydrogen cells are currently being manu- 
factured on a semi -experimental basis. This 
paper will describe, at least conceptually, re- 
chargeable nickel-hydrogen systems that more 
closely resemble a fuel cell system than a tra- 
ditional nlckel-cadmltoi battery pack. This has 
been stimulated by the currently emerging re- 
quirements related to large manned and unmanned 
low earth orbit applications. Ihe resultant 
nickel -hydrogen battery system should have a 
number of features that would lead to Improved 
reliability, reduced costs as well as superior 
energy density and cycle lives as compared to 
battery systems constructed from the current 
state-of-the-art nickel-hydrogen Individual 
pressure vessel cells. 


1. INTRODUCTION 

The aerospace coomunlty Is gradually switching 
from nickel -cadmlim batteries to nickel-hydrogen 
batteries for selected applications. There Is 
some evidence that the low earth orbit (LEO) use 
of nickel-hydrogen will follow the current 
commitments of this battery system to geosyn- 
chronous applications (GEO). The United States 
Air Force (Ref. 1) has been Instrumental In de- 
veloping this battery system In cooperation with 
their contractors. The hardware Items that have 
been brought to a high degree of technology 
readiness are SO Ah Individual pressure vessel 
(IVP) passively cooled single cells (Ref. 1). 

Recent studies of large manned and unmanned LEO 
applications In the U.S. (Space Platform, Space 
Derations Center, etc.) have concluded that 
power requirements In the range of 25 to SO kW 
and higher will be required (Ref. 2). These 
studies also point out the desirability of high- 
er bus voltage levels (100 » 200V DC) to reduce 
the weight of the power distribution network. 

The NASA Lewis Research Center under the NASA 
Office of Aeronautics and Space Technology has 
the responsibility: 1) to develop advanced 

technology components to Increase the cycle 
lives In low earth orbit of current state-of- 
the-art hardware designs and 2) to Investigate 


cell and battery concepts that would be appli- 
cable to large multikl lowatt system applications 
Identified In future space missiwts of Interest 
to the U.S. 

In addressing the second area. It was evident 
from the Initial system design studies that If 
contemporary nickel-hydrogen desljpi concepts 
were used, several undesirable systea features 
would result. First, high voltage could only be 
obtained through either the series coratectlon of 
100 to 200 Individual single cells or the use of 
high capacity DC to DC conversion equipment. 

This equipment currently weighs idwut 5 kg/kU, 
althou^ future developments might reduce this 
to 1.0 kg/kW. For the former, the reliability 
and weight Impact associated with t!ie Intercon- 
nection of so large a number of cells Is unde- 
sirable. The required thermal control subsystem 
for this number of Individual cells that depends 
entirely upon passive cooling would at best re- 
sult In a system with a lower volumetric energy 
density. This would compound the problem of the 
already low volumetric energy density of 
nickel-hydrogen single cell devices. For the 
latter, the weight, cost and Inefficiency of DC 
to DC conversion Is not a good des1<^ choice. 

As a result of some Initial thoughts given to 
this problem, the Idea of a bipolar ntckel- 
hydrogen battery system appeared to circumvent 
some of the problems associated with contempo- 
rary nickel-hydrogen battery system designs. 

This Idea Is depicted schematically In Figure 
1. Although this Is very preliminary, the ex- 
ploded view Is meant to Imply the use of a Li- 
polar stack of cells held together with end 
plates and tie bolts. In this version, a heat 
exchanger Is located within the pressure vessel 
Itself. The hydrogen gas Is circulated through 
the cells and over the fins of the exchanMr. 

The construction Is a marriage of fuel cell and 
battery technology. It Is very similar to an 
alkaline hydrogen-oxygen fuel cell using trapped 
electrolyte In each cell. The major difference, 
of course. Is that the gaseous oxygen electrode 
would be replaced by a nickel electrode. Fuel 
cells of the type used In the Shuttle Orbiter 
which represent the current state-of-the-art are 
made up of cell stacks assembled In a bipolar 
manner. In like manner, stacks of nickel- 
hydrogen cells would have cooling plates located 
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Figurt 1 Exploded view of e nickel -Itydrogen bat- 
tery systaie featuring active cooling and 
bipolar cell construction. 


The nickel electrode bet been retber thereoAly 
cbaracterlied in terva of 1U Mjrgan ewtlutlon 
cberKterIttict durlno oberge end tbe relative 
•erlts of a variety of netbodt kgr ebicb active 
Material Is placed wltbln tbe poroes nickel 
t1nt«‘t; tile Most popular fona of sutatrato for 
tbe reactive Material. In like sinner, tiie 
nerpbological pbonoMonon associated witb the 
different crystal lattice dtaonslons of tbe 
reactive Material bas baen studied In detail by 
a ftrltlsb 9 P 0 UP (Ref. I) and an iliorican group 
(Ref. 9). to Mention Just a few, to gain insigbt 
Into tbe effect of tbe gradual structural 
changes on tbe oaygen evolution rcbaracterlstlcs 
and plague Integrity, respectively. Altbougb 
tbe nickel-by d rogen systoM Is retber new, nickel 
electrode studies have been underway *«er since 
tbe Introduction of tbe Edison cell during tbe 
last century. Tbe fuel cell studies that have 
been carried out In nany parts of tbe world have 
contributed to tbe sophisticated understanding 
of tbe hydrogen electrode. For conpleteness, 
the balf^elT reactions Involved In cells 
purposely node to be United In tbe anowit of 
nickel oxide are listed below. 


Cbenistry and Electrocbcnlstry 
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N1(0N)2 4 on’ ^ N100H « NgO ♦ e~ - Nickel 

Electrode 


appropriately for heat renoval purposes. The 
cell stack would be placed Inside a pressure 
vessel Much like other nickel -hydrogen devices. 
The use of an active heat renoval subsysten Is 
expected to Improve the volumetric energy den- 
sity considerably when compared to a system made 
up of the traditional SO Ah IPV or proposed 6 
volt 50 Ah coamon pressure vessel (CPV) designs. 

2. NICKEL-HYOROGEN ELECTROCHEMISTRY 

Rechargeable nickel-hydrogen cells are rela- 
tively new. Russian work by Tsenter and Kloss 
(Ref. 3) appears to have been the pioneering ef- 
fort. This was followed later by the German 
work of Plust (Ref. 4) and the American work of 
Swette (Ref. 5). These were followed by a num- 
ber of other efforts In the U.S. and Europe, and 
later In Japan (Ref. 6). A recent review on the 
topic of nickel-hydrogen technology has been 
prepared by Batelle, Coluabus Laboratories (Ref. 
7). The span of Interest In this electrochemi- 
cal system covers aerospace as well as terres- 
trial applications and stems from a combination 
of desirable features. The primary ones are the 
high degree of reversibility of the Individual 
electrodes, the constant electrolyte concentra- 
tion over a complete charge/discharge cycle and 
the ability of the cell to undergo a certain de- 
gree of overcharge and overdischarge. Some In- 
vestigators feel that the cell pressure will be 
a useable measure of the state of charge. The 
potential for reduced weight when compared to 
nickel-cadmium cells Is also an Important advan- 
tage. 

Working with all these advantages, developers 
have been busily engaged over the past decade to 
produce experimental devices that would possess 
all the above listed advantages and benefits. 
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Although Mny of the cjfcling tost rtsuUs for 
N4-H9 hove not rteched the open lltereture. It 
cen oe steted that encouraging results have nou 
been achieved for geosynchronous orbit (6C0) 
test reglatts. For low earth orbit (LEO) test 
reglaes cycle lives have been observed that are 
far below those usually associated with nidtel- 
cadelias cells. 

Although the exKt reasons for failure In 
NI-M 2 cells aay be a aatter of conjecture and 
My vary fras eanufacturer to nanufacturer or 
froM cell configuration to cell configuration^ 

It will be suggested here that the probleM stee 
froB physical choalcal probloes rather than 
electrocheelcal problans. 

3. NICKEL-imMOOEN PHYSICAL CHEMISTRY 

A wide variety of pi^lcal chaalcal phenoaenon 
that have been Included In classical texts ('..e. 
Ref. 10) do Influence cell behavior. Unfortun* 
ately they ere not often fully appreciated by 
those Involved In the desl^ and constnictim of 
electrochealcal devices. These phenoaena 1n> 
dude 1) Isoplastic considerations for the re> 
distribution of water aaong cell coaponents, 2) 
diffusion, algratlon and convection for the re> 
distribution of the Ionic coaponents within the 
electrolyte, and 3) capillary pressure, pore 
size distribution and other factors related to 
the redistribution of electrolyte between the 
coablnatlon of cell coaponents. To these three 
types of redistributions the chealcal recoabl- 
natlon of the hydrogen and co-evolved oxygen 
froa the nickel electrode and the subequent dis- 
persal of the product water oust be considered. 
Likewise, provisions aust be aade for the oxygen 
and hydrogm which Is generated during the re- 
charge portion of the cycle so that the gases 
can be evolved without an excessive entralnaent 
of electrolyte (spatter) along with the disen- 
gaging gas bubbles. 

A recent paper covering the general topic of 
pore size engineering In cells that contain an 
aaount of electrolyte that Is lets than that re- 
quired to fully saturate all of the cell coapo- 
nents (Ref. U) addresses soae of these Issues. 
It Is not the Intent of this short paper to ful- 
ly address all the physical chaalcal consider- 
ations that jre laportant to nickel-hydrogen 
cells. It Is suggested, however, that the fail- 
ure to adequately aake provision for these phe- 
noaena have resulted In cycle lives and perfor- 
aance levels that are far below those which can 
be expected froa an electrochealcal point of 
view. 

4. SH0RT00NIN6S OF CONTEMFORMY 
NICKEL-HYOROttN OESIGHS 

A careful review of the current nickel -hydroMn 
technology will reveal several kinds of probiaas 
that still rcaaln. The aaln problem apptars to 
be a lack of long cycle life at deep depths of 
discharge. This Is usually attributed to a loss 
of structural Integrity of the nickel electrode 
under the high aechanical stresses created by 
the cycling reactive material (Ref. 9). Closely 
related to that problem Is the apparent dry-out 
of the cell or loss of electrolyte. This could 
be caused by a gradual change In the pore size 
and/or the pore size distribution character- 
istics of the nickel electrode during cycling or 


the physical loss of electrolyte from the cell 
stack. Mall wlcklng techalques have he^ad 1e 
the latter problea w«a. These types of diffi- 
culties are those that would be ei^ted to 
gradually dl u pp ear as this techaeiety HUifes. 

A different type of problem, yet one that Is 
possibly the aost lepMUat, Is relHed te the 
volumetric energy daiwlty ef e coapleM Ime 
battery system. Ref«PMce 12 coMalns a nheto 
graoh of a.caapleted system ef the tlP* tiiat 
would be useful for a small space application. 
Mhat Is noted Is the very lew packiM density cf 
the Individual pressure vessels, nfs Is in 
part caused by their shape (cylinders with 
hoalspherlcal end caps) and In pert by reliance 
on the transfer of heat from the cell stadi te 
the cold plate by passive hnt transfer 
processes. 

The d epende n ce upon passive cooling techniques 
Halts the resultant battery In several ways. 
First of all the discharge rate Is constrained 
by the requireawits to llalt the teaperature 
gradient froa the center of the cell te the 
outer portion where the heat 1$ trmsferred 
across the cell wall to the cold plate. Exces- 
sive dlschar^ rates would result In excessive 
"drying* conditions at the center of the cell as 
a consequence of the redistribution of water In 
the vapor phase as the systea attempts to main- 
tain isoploestic conditions throughout the 
cell. This also Impacts the relative ease by 
which cell sizes c&n be scaled up or down froa a 
baseline configuration. It Is essential to give 
careful consideration to the new teaperature 
profiles resulting froa a new configuration. 

A further shortcoming Is related to the oxygen 
management techniques currently used In nickel- 
hydrogen cells. The oxygen evolved during the 
latter portions of the rechar^ segment of the 
cycle must be recombined with the stolchloaetric 
aaount of hydrogen. At the normal operating 
conditions of these cells the nickel electrode 
does not represent a suitable catalytic surface 
for the chealcal recombination of these gases. 
The hydrogen electrode represents an excellent 
surface for this recoablnatlon. The chemical 
reaction of forming water from hydrogen and oxy- 
gen Is of course very exothemic and therefore 
care must be exercised to Halt the rate at 
which these two reactants come together. This 
can be done by Halting the rate of overcharge 
to an acceptable value and then trust that the 
oxygen and hydrogen react uniformly over the en- 
tire surface of the electrode. Unfortunately 
this has not always been found to be the cesc. 

If a separator Is used where the pore size dis- 
tribution permits a certain de^^ of gas perme- 
ability, what has been speculated to be oxygen 
bubble buildup takes place and "popping* results 
as these accuaulatlons of oxygen abruptly 
racoablne. This can result In sintering of the 
catalyst surface and/or local aeltiM of the^ 
teflon/catalyst agglomerates that aale up tiie 
hydrogw electrode. If separators are useo 
which possess a very high bubble pressure, the 
oxygen aust travel along the face of the nickel 
electrode out Into the bulk hydrogen spKe and 
back Into the back side of the hydrogen 
electrode. In this case the recombination would 
be expected to take place around the outer 
perimeter of the electrode. Here also the 
concentration of the chemical reaction could 
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result In undue damage to the electrocatalyst 
surface of the electrode. 

Finally the use of contemporary cell designs to 
construct large storage systems Involving 
possibly hundreds of Individual cells Mould need 
to be assembled 1n series or series parallel 
strings. The many connector straps become a 
source of energy loss and reliability may be 
compromised. 

The battery system design to be considered here 
circumvents many of the Inherent problems still 
associated with nickel -hydrogen cell and battery 
technology. These Ideas are In part restricted 
to larger systems (possibly greater than 10 kH) 
where the parasitic energy losses associated 
with an active cooling subsystem would not rep- 
resent an undue penalty to the overall system. 

In reality, they represent a simple adaptation 
of principles that have been well established In 
the aerospace fuel cell technology to nickel - 
hydrogen cell and battery system design, 

5, BIPOLAR BATTERY DESIGNS 
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Table 1 


Energy Density Projections Based on 
Two Cell Types 


Battery 

Type 


Gravimetric 

Energy^ Volumetric 

Density^ Energy Density" , 

Hhr/kg Mhr/lb Whr/| Whr/ft3 


Bipolar^ B.6-9.5 19-21 26-35 800-1000 

IPVC 5.S-6.8 12-15 1.2-1. 4 30-40 


a - Pressure Vessel - cylinder with 
tori spherical heads 


b - 100 percent depth of discharge, 1.2 average 
cell discharge voltage 

c - Battery based on US Air Force/Hughes 
Individual pressure design. 

d - Estimated, IPV single cell, 950 Hhr/ft3 


Figure 1 depicts one of several preliminary de- 
signs for a large nickel-hydrogen battery sy- 
stem. It Is shown In an exploded view to illu- 
strate the main features that are cormon to all 
the designs but need not have the exact config- 
uration depicted here. The major features in- 
clude Individual cells that are large flat 
sheets connected together In a bipolar manner. 
Using this technique, a cell stack of any vol- 
tage level could be produced by a simple stack- 
ing together of the required number of Indivi- 
dual cells. The capacity of the cells Is a sim- 
ple function of the cell area. Overall battery 
capacity and redundancy considerations are met 
by grouping the required number of cell stacks. 
Each cell stack as shown In the figure would be 
housed within Its own pressure vessel. In the 
configuration Illustrated here, hydrogen Is used 
as the cooling fluid picking up heat « it flows 
through passages between Individual cc-lls. The 
gas Is cooled via a heat exchanger In the space- 
craft fluid cooling loop. A blov.er forces the 
hydrogen up the plenum or manifold on the 
backside of the stack and across the Individual 
cooling plates. The hydrogen that Is consumed 
electrochemical ly has access to each cell In a 
manner that will be discussed In more detail be- 
low. 

The end plates and tie bolts are used to Insure 
the correct compression and alignment of all the 
cell parts. 

A more complete discussion of two variations of 
this design was the topic of a recent paper In 
the 1982 lECEG Proceedings (Ref. 13). These 
variations resulted from a preliminary design 
effort carried out In-house at the Lewis 
Research Center by two design teams. The reader 
Is referred to that paper for a more In-depth 
discussion of the design considerations as they 
related to a 35 kilowatt battery for LEO 
applications. The unique findings of this 
preliminary design are related to the energy 
density (both gravimetric and volumetric) of 
these battery systems in comparison to ones 
based on the contemporary 50 Ahr IPV cells. 

Table I sunmarlzes this information. For the 
bipolar battery an average of the two design 
concepts Is given. 


Not shown in Figure 1 are the provisions made 
for an Improved oxygen management technique as 
pointed out above. Use of the hydrogen elec- 
trode catalyst surface to chemically recombine 
the oxygen can result In loss of catalyst area 
and possible melting of the teflon/catalyst ag- 
glomerate and thus performance loss. These de- 
signs Incorporate a separate catalyst surface 
located behind the nickel electrode. Further 
details on this topic can be found In Ref. 13. 
The major advantage of the proposed bipolar de- 
signs appears to be the large Improvement In the 
volumetric energy densities In comparison to 
those achievable with contemporary IPV cell 
hardware. 

To obtain an early conformation of the bipolar 
concept a multicell stack of cells is currently 
under construction. This will use available 
hardware articles that were used in a water 
electrolysis stack coupled with nickel elec- 
trodes available from a past battery development 
program. The cell size (area) Is about 220 
cm2 (.24 ft2) and the capacity of each 
nickel electrode about 8 Ah. Ten cells will be 
connected In series and the resultant stack 
placed within a fully Instrumented pressure ves- 
sel. This battery Is currently In the final 
stages of assembly and testing Is scheduled to 
begin In August 1982. Active cooling has not 
been Incorporated In this feasibility test. 

This will be followed by an effort to develop 
the full size cell and stack hardware. 

Hughes Aerospace Co. Is currently under contract 
to the Lewis Research Center of the NASA to do a 
more formal design study of this general concept 
and compare It with designs based on contempo- 
rary IPV cells as well as with the more recent 
US Air Force design studies with common pressure 
vessel cells (Ref. 14). The common pressure 
vessel studies are currently addressing a design 
in which six stacks of IPV electrodes are placed 
electrically In series within a common contain- 
er. 

These bipolar designs represent a radical depar- 
ture from contemporary nickel-hydrogen cell and 
battery practice designs yet when viewed from 
the framework of fuel cell system technology 
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that is alrtady In pUct, thtse designs are a 
natural and logical txtenslons of ostabllslMd 
principles and practices. The following section 
Mill briefly review soaw of these principles as 
they relate to bipolar n1cke1>bydrogen battery 
designs. 

6. APPLICABLE TECHNOLOGY FRON THE 

FIELD OF ALKALINE FUEL CELLS USING 
TRAPPED ELECTROLYTES 

Although nickel hydrogen cells aaploy one elec- 
trode that has been a standard for aany years In 
several alkaline electrolyte cells and another 
electrode that has Lean the better understood of 
the two used In hydrogen-oxygen fuel cells, the 
resultant aiarrlage In the fora of nickel- 
hydrogen cells very closely resenbles a tra- 
ditional electrolyte-starved alkaline cell. The 
capacities are noalnally the sane as for the 
nickel-cadniun cells they are trying to dis- 
place. They contain groupings of anodes and 
cathodes connected In parallel and are nanufac- 
tured as single cells to be connected together, 
cooled, Instrunented, end controlled by the 
user. Alkaline fuel cells with traiHted electro- 
lyte are currently typified by the power plants 
used on the Space Shuttle. By contrast. In 
these devices Individual cells are grouped to- 
gether In "stacks” where the cells are connected 
together In a bipolar aianner. These power 
plants Incorporate cooling/heating plates be- 
tween each cell, and all the required logic and 
controls for proper startup, operation, and 
shutdown. That Is, fuel cells are delivered by 
a awnufacturer (In this case United Technologies 
Corporation) as a conplete power systeai whereas 
a "battery* manufacturer usually delivers a cer- 
tain number of single cells. In turn then, a 
second organization tests these single cells for 
acceptance and then adds the required Intercon- 
nections, Instrumentation, controls, etc. 

Aside from the different approaches to the sys- 
tem objective for both technologies, the fuel 
cell technology has had to overcome certain ob- 
stacles that has resulted In a wealth of spe- 
cialized Insites that are largely transferable 
to the task of designing large bipolar 
nickel-hydrogen batteries. 

6.1 Bipolar Connections 

Utilizing bipolar cells that employ "through" 
conduction rather than relying on external In- 
terconnections eliminates several problems. In 
groupings of electrodes connected In parallel 
where the electrolyte Is shared or communicates, 
(as In IPV cells) there can be a problem of cur- 
rent balance among all of the components. The 
problem of tab breakage and corrosion Is also 
present. Probably the most difficult problem 
associated with electrodes with tab connectors 
Is the requirement tor a reasonable lateral con- 
ductivity In order to preclude gross maldistri- 
butions of electrochemical activity across the 
face of the electrode. Mhen bipolar electrodes 
are used, only current flow perpendicular to the 
electrode plane need be considered. In this 
case less conductive, lighter weight electrode 
substrates can be considered. 

6.2 (»t1mum Electrolyte Volume Considerations 
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the concept of optimum electrolyte volume be- 
comes very Important. This general type of 
behavior can also be expected for nickel- 
hydrogen cells and hat been studied In detail by 
Gutmann (Ref. IS). Very briefly, the optimum 
electrolyte volume of a fuel cell, nlteel- 
hydrtigen cell or n1ckel<admlum cell It that 
volume of electrolyte which yields the maxlmus 
performance of the cell (tef. 17). For the cate 
of gas electrodes It arises from a comiwwlte 
between not having enough electrolyte creating a 
deficiency of three-phase reaction sites (elec- 
trolyte film, reactive gat, and catalyst par- 
ticles) and too much electrolyte whidi causes 
flooding of the reaction sites. Traditional 
NI/H 2 cells per'wTB poorly when there It a 
deficiency of ek rolyte but do not typically 
exhibit poor perfo.\aMwe when excess electrolyte 
Is present. Due to the re«i1ronent for 
recombination of oxygen, the usual prKtice It 
to operate In the electrolyte-etarved condi- 
tion. In this case the oxygen has access to the 
negative electrode across the partially 

saturated separator between the two electrodes. 
(Ref. 15). 

6.3 Volume Tolerance 

The term volume tolerance Is used to refer to 
the performance characteristics of a cell as It 
dporates under conditions where the electrolyte 
volume Is In excess of the optimum amowit and 
less than the optimum amount. Figure 2 depicts 
the electrolyte volume tolerance charKterl sties 
of three types of fuel cells. To be noted Is 
the point that constructional variations have 
been introduced as the technology has matured 
which has resulted In an Increase In the volume 
tolerance characteristics of. In this case, an 
alkaline hydrogen-oxygen fuel cell. Reference 
11 serves to Illustrate the need for cell con- 
structional features that result In the widening 
of their volume tolerance characteristics. In 
nickel-hydrogen designs added volume tolerance 
can be Incorporated Into the separator (Ref. 11) 
or Into the nickel electrode (Ref. 16) or Into a 
reservoir plate as Is the standard practice In 
alkaline fuel cells (Ref. 17). 



Figure 2 Cell performance as a function of elec 
trolyte volume for fuel cell conflgura 
tions with different volume tolerance 
characteristics. 
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In fuel cells where two gas electrodes are used 
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6.4 Activt Cooling Ttchniqyt 

Fuel cell system of all types aaploy Kt1«e 
cooling In one forsi or another. Typically a 
cooling plate Is placed betmen every fuel cell 
or every third or soew other regular Interval 
along the stack. The circulation of a gas or 
liquid coolant then est^llshes a rather defi- 
nite teeperature profile across the face of the 
cell. This teeperature profile Is very lepor- 
tant when the effect of driving forces related 
to the aalntenance of Isoplastic conditions 
throughout the stack of cell conponents Is con- 
sidered and accounted for through proper coai- 
ponent design. A second leportant feature of 
having active cooling techniques within a cell 
or stack Is related to the ease and confidence 
by which that Item can be scaled to larger or 
SMiler sizes. One of the aiajor laqiedlaientt to 
scaling up traditional cells Is related to the 
conpllcatlons that arise froai the new thenaal 
en''1ronaent associated with the larger cells. 
Since cells with starved electrolytes use 
thermal conduction as the primary aiode of heat 
transfer and natural convection or further ther- 
mal conduction takes place at the outside of the 
cell, large cells are often subject to severe 
overheating problems. For these reasons scaling 
traditional cells to larger sizes has not been 
very successful. 

6.5 6as Permeable Hydrophobic Films 

Different manufacturers of gas electrodes have 
explored the use of non-wetting porous films as 
an aid In preventing the loss of electrolyte 
from the gas side of hydrogen electrodes. The 
current US Air Force hydrogen electrode uses 
such a film. In past contractual efforts with 
both the NASA and the US Air Force, the use of 
these films has been successfully demonstrated 
In devices wherein water vapor was being contin- 
uously evaporated from a KOH solution. These 
vapors along with any accompanying droplets of 
bulk electrolyte were separated one from another 
using one of these barriers. Ref. 15 contains a 
fuller description of these evaporative de- 
vices. The utility of one of these droplet bar- 
riers could be of use In nickel-hydrogen cells 
In an overall scheme of electrolyte management. 
Current nickel -hydrogen designs use "wall wicks* 
to help return spattered electrolyte droplets to 
the cell separators. In high voltage stacks 
shunt current paths must be eliminated com- 
pletely. This, coupled with the requirement to 
contain the electrolyte within the Individual 
cells, would suggest that the hydrogen gas en- 
tering and leaving each cell should pass through 
one of these film devices. 

7. CONCLUDING RENARKS 

Nickel -hydrogen cells are currently emerging as 
the successor to nickel-cadmium cells for aero- 
space applications. Based on state-of-the-art 
alkaline fuel cell technology, several signifi- 
cant Improvements can be made to state-o^-the- 
art nickel -hydrogen cells. These are related to 
a better appreciation of electrolyte volume man- 
agement and volume tolerance considerations 
within the cells, luwever the major opportuni- 
ties for fully capitalizing on the attractive 
features of the nick el -hydrogen electrochemistry 
rest with large multikllowatt energy storage 


systems. Here, the use of active cooling and 
bipolar cell censtructlM results In sIgnIfICMt 
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These advantages Include an alaost doublUig of 
the gravimetric energy density and even larger 
Increases In the volumetric energy density. The 
resultant high voltage stadt lociAed within a 
common pressure vessel makes an Ideal building 
block for large advanced energy stM-age systems 
for applications like the proposed manned s^e 
station. Built at a complete system with all 
the required monitoring and sjmtem control will 
minimize die nMber of connections and wires to 
the main spacecraft. TUo teaes have already 
carried out a preliminary design and their sias- 
marlzcd results have been reported (Ref. 13). A 
small preprototype system It currently under 
construction at the Lewis Research Center of the 
NASA and a design study for 35 kU system Is be- 
ing carried out with the expectation that a 
hardware technology effort development will be 
underway In 1963. 
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